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INTEC Tank Farm Inadvertent Intruder Assessment 

1. INTRODUCTION 

The inadvertent intruder assessment is based on the assumption that exposure of a hypothetical 
inadvertent intruder at the Tank Farm involves acute (i.e., short-term) exposure during an assumed initial 
contact with radioactive waste while drilling an irrigation well. The acute drilling scenario assumes that 
an inadvertent intruder drills a large-diameter [56-cm (22 in.)] irrigation well directly into the CPP-31 
soils area. The intruder is assumed to be exposed to contaminated drill cuttings brought to the surface and 
spread over the ground. The exposure pathways for this acute drilling scenario include external exposure 
to drill cuttings on the ground surface, inhalation of contaminated dust suspended in air, and ingestion of 
contaminated soil. 

The intruder is exposed to the contaminated drill cuttings for 160 hours, the time to drill and 
develop the well. Drilling a 56-cm (22-in.) well through a contaminated soil layer of 12 m (40 ft) 
would move 3 m3 (106 ft3), of contaminated soil to the surface. The total volume of cuttings brought to 
the surface by drilling a 56 cm (22 in.) diameter well to a depth of 142 m (466 ft) (depth to the water 
table below CPP-31 soils area) is 35 m3 (1,236 ft3). The cuttings are spread over a 2,200 m2 (24,000 ft2) 
area to an average depth of 0.016 m (0.05 ft). Inhalation of suspended drill cuttings was modeled 
using an atmospheric mass-loading factor of 1 mg/m3 representative of construction activities 
(Maheras et al. 1997). Soil ingestion was modeled assuming an occupational ingestion rate of 50 mg/d 
for an 8-hour workday (EPA 1997). The intruder is assumed to ingest a total of 1,000 mg of contaminated 
soil during the 160 hrs (20 work-days) of exposure. The acute drilling scenario is illustrated in Figure 1. 
Intruder risks were calculated for the year 2095. 

 
Figure 1. Graphical representation of the acute-drilling scenario. 
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The radionuclide soil activities in the drill cuttings were determined from the soil samples collected 
in 2004 (DOE-NE-ID 2005). Soil samples were taken from both 2 and 4 ft intervals over a 40 ft profile. 
The soil sample concentrations were averaged over this 40 ft profile by assigning a soil concentration 
every 2 ft by interpolating from soil samples taken above and below the 2 ft interval of interest or using 
the same soil concentration as the sampled 4 ft interval. The average soil concentration over the 40 ft 
profile was then decayed to the year 2095. The radionuclide activity is mixed with the drill cuttings 
brought to the surface. Changes in radionuclide concentrations over time are assumed to occur only by 
decay and subsequent ingrowth and decay of radioactive progeny (if any); no depletion due to leaching 
was assumed. 

The RESRAD code Version 6.3 (Yu et al. 2001) was used to calculate the risk per unit 
concentration in the source at the time of exposure (including radioactive decay and ingrowth of progeny, 
as applicable), or risk-to-source ratio (RSR in risk/y per pCi/g) using the input parameters shown in 
Table 1. The RESRAD code was selected to calculate the risks from inadvertent intrusion into the 
contaminated soil because it has a recognized history of use for similar applications and specifically 
models the exposure of a receptor to buried waste via inhalation, external exposure, and soil ingestion. 
RESRAD keeps track of ingrowth of progeny and includes the progeny in the dose calculations. 
RESRAD also meets the software quality assurance requirements for analysis software at the INL. 
 

Table 1. Input parameters used in acute intruder drilling scenario. 

Parameter Value Comments 

Soil concentration 1pCi/g  

Calculation Times 0, 1, 100 and 1000 yrs  

Contaminated Zone   

 Area 2200 m2  

 Thickness 0.016 m Footnote a 

Cover and Contaminated Zone Hydrology   

 Cover depth 0 m  

 Density of contaminated zone 1.5 g/cm3 Footnote b 

 Contaminated zone erosion rate 0 m/yr  

Average annual wind speed 3.35  m/s Average INL value 

Average annual precipitation 0.22 m Average INL value 

Occupancy, Ingestion, Inhalation, 
and External Gamma Data 

  

 Soil Ingestion rate 54.65 g/yr Footnote c 

 Inhalation rate 8400 m3/yr  Default 

 Mass loading for inhalation 0.001 g/m3 Maheras et al. 1997 

 Exposure duration 1 yr  

 Shielding factor inhalation 0.4 Default 

 Shielding factor external gamma 0.7 Default 
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Table 1. (continued). 

 

Parameter Value Comments 

 Indoor time fraction 0  

 Outdoor time fraction 0.0183 160 hrs/yr (Maheras et al. 1997) 

Shape of contaminated zone Circular  
a. The contaminated zone depth of 0.016 m is obtained by dividing the total volume of soil (35 m3)  brought to the surface via a 22-in 
(0.5588 m) well drilled to depth of 142 m by the area (2,200 m2) the drill cuttings are spread over. 
b. Density of well drill cuttings and surface soil is 1.5 g/cm3. 
c. A total of 1000 mg of soil is assumed to be ingested (20 days (8 hr each) * 50 mg/d, assuming a total of 160 hours of exposure). A 
value of 54.65 g/yr was used as the soil ingestion rate in RESRAD, because 54.65 g/yr * 0.0183 yr-1 (outdoor time fraction) = 1000 
mg. 

 

 

The risk (unitless) to a hypothetical inadvertent intruder is calculated as follows: 

Risk = Cs,i (RSR) (Vw/VT) 

Where 

Cs,i = soil concentration of radionuclide i (pCi/g) 

RSR = risk-to-source ratio in risk/y per pCi/g 

Vw = contaminated soil volume brought to the surface (m3) 

VT = total volume of soil brought to the surface (m3). 

Table 2 presents the initial average radionuclide soil concentration over the 40 ft profile and the 
decayed radionuclide soil concentration in the year 2095. Table 3 presents the RSRs for each radionuclide 
by pathway. The RESRAD files are attached as Appendix A. 
 

Table 2. Average soil concentrations over the 40 ft profile from samples collected and analyzed in 2004 
and the average soil concentration decayed to the year 2095 (adapted from DOE-NE-ID 2005). 

Radionuclide 
Average Soil Concentration in 2004 

(pCi/g) 
Average Soil Concentration in 2095

(pCi/g) 

Am-241 9.12E+02 7.88E+02 

Cs-137 8.84E+05 1.10E+05 

Eu-154 8.20E+02 6.33E-01 

Np-237 2.00E+00 2.00E+00 

Pu-238 4.29E+03 2.09E+03 

Pu-239 8.76E+02 8.73E+02 

Pu-240 8.76E+02 8.67E+02 

Sr-90 2.60E+06 2.86E+05 



431.02 
01/30/2003 
Rev. 11 

ENGINEERING DESIGN FILE EDF-6803
Revision 0

Page 7 of 75
 
 

Table 2. (continued). 

 

Radionuclide 
Average Soil Concentration in 2004 

(pCi/g) 
Average Soil Concentration in 2095

(pCi/g) 

Tc-99 1.95E+01 1.95E+01 

U-233 4.54E+01 4.54E+01 

U-234 4.54E+01 4.54E+01 

U-235 1.37E+01 1.37E+01 

U-238 5.60E+00 5.60E+00 
 
 

Table 3. The Risk-to-Source Ratios for each radionuclide by pathway. 

Radionuclide 
External RSR 

(Risk/y per pCi/g) 
Inhalation RSR 

(Risk/y per pCi/g) 
Soil Ingestion RSR 
(Risk/y per pCi/g) 

Am-241 2.9E-10 6.3E-10 1.3E-10 

Cs-137 1.0E-08 1.8E-12 3.6E-11 

Eu-154 2.2E-08 3.4E-12 1.4E-11 

Np-237 3.9E-09 4.8E-10 9.0E-11 

Pu-238 1.0E-12 8.6E-10 1.7E-10 

Pu-239 1.4E-12 9.1E-10 1.7E-10 

Pu-240 1.0E-12 9.2E-10 1.7E-10 

Sr-90 9.5E-11 7.1E-12 9.3E-11 

Tc-99 7.0E-13 6.3E-13 3.9E-12 

U-233 6.1E-12 4.7E-10 9.5E-11 

U-234 2.3E-12 4.6E-10 9.4E-11 

U-235 2.9E-09 4.2E-10 9.6E-11 

U-238 5.2E-10 3.9E-10 1.2E-10 
 

2. RESULTS 

This section presents the risks to a hypothetical inadvertent intruder who drills an irrigation well 
into the CPP-31 soils area. The total risk to the inadvertent intruder as a result of this hypothetical 
scenario is 1E-04. External exposure to Cs-137 (Ba-137m) accounts for the majority of this risk with a 
risk of 9.6E-05. The next highest risk is from external exposure to Sr-90 with a risk of 2E-06. Table 4 
summarizes the risks to an inadvertent intruder at the CPP-31 soils area. Note that if additional time is 
allowed for decay, the predicted risk will be reduced. For example, if the end of institutional control is 
changed from 2095 to 2125, the risk will be reduced by a factor of two. 
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Table 4. Risk to an inadvertent intruder drilling an irrigation well into the CPP-31 soils area. 

Radionuclide External Risk Inhalation Risk 
Soil Ingestion 

Risk Total Risk 

Am-241 2E-08 4E-08 9E-09 7E-08 

Cs-137 1E-04 2E-08 3E-07 1E-04 

Eu-154 1E-09 2E-13 8E-13 1E-09 

Np-237 7E-10 8E-11 2E-11 8E-10 

Pu-238 2E-10 2E-07 3E-08 2E-07 

Pu-239 1E-10 7E-08 1E-08 8E-08 

Pu-240 8E-11 7E-08 1E-08 8E-08 

Sr-90 2E-06 2E-07 2E-06 5E-06 

Tc-99 1E-12 1E-12 7E-12 9E-12 

U-233 2E-11 2E-09 4E-10 2E-09 

U-234 9E-12 2E-09 4E-10 2E-09 

U-235 3E-09 5E-10 1E-10 4E-09 

U-238 3E-10 2E-10 6E-11 5E-10 

Total Risk 1E-04 5E-07 3E-06 1E-04 
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Appendix A 

Part 1 – Tank Farm 
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